Poor soil fertility remains the major cause of low crop productivity on smallholder farms that are engaging in vegetable production in sub-Saharan Africa. Appropriate soil fertility regimes are therefore critical for improving crop productivity. Its yield has remained low mainly due to poor soil fertility. A field experiment in two different seasons was planted in a Completely Randomized Block Design using Solanum aethiopicum Shum (Nakati). The treatments were 3 sole fertilizer options applied at the following rates: poultry manure and bio-slurry manure at 5, 10, 15, 20, 25 and 30 t ha -1 , NPK (25:5:5) at the recommend application rate for tomato which is a sister crop and a control without any fertilizer. Crop budgets were used to determine the economic optimum rates of both sole applications of manure and combinations of manure with NPK. The sole applications and showed significantly (p ≤ 0.05) increased the yield of S. aethiopicum compared with the control. The established biological optimum rates were at 24.19 t ha -1 and 21.51 t ha -1 for poultry manure and bio-slurry respectively. Using the crop budgets it was concluded that the established economic optimum rates were 20 t ha -1 and 10 t ha -1 for sole poultry manure and bio-slurry respectively. Recommendations for use of sole poultry manure and bioslurry at the rate of 20 t ha -1 and 10 t ha -1 respectively were made.
Introduction
Soil fertility depletion is becoming a serious problem affecting agricultural productivity in Sub-Saharan Africa (SSA) (Bantiono, 2007) . In Sub Saharan Africa however, high costs of inputs like fertilizers are a limitation to improving production of vegetables by small holder farmers (Ajayi, 2009) . Studies in the central highlands of Kenya showed that approximately 80% of farmer households rely on use of organic inputs (Mugwe et al., 2007) . In Uganda vegetable production for Solanacea vegetables especially Nakati (Solanum aethiopicum) is one of the most profitable enterprises in the region (Ssekabembe et al., 2002b) , it is also highly constrained by soil fertility depletion. This is mainly as a result of increased soil erosion, leaching and continuous use of the land without replenishing its nutrients (Sanchez & Jama, 2002) .
In Uganda S. aethiopicum is ranked as the most important local vegetable species (Sseremba et al., 2017a) that is commercially grown, and is allocated larger land acreage than the others (Ssekabembe et al., 2003) . It is grown by farmers in all regions with highest production in the central and eastern region due to high marketability (Ssekabembe et al., 2003; Sseremba et al., 2017a) and high nutrient content (Abolusoro et al., 2013) . Under good management, farmers growing S. aethiopicum cultivars can get up to 75 leaf bundles of 30 kg each per 100 m 2 meaning that the crop has a yield potential of 225 t ha -1 . However, the average yield harvested during the dry season is only 30 t ha -1 (Lester & Seck, 2004) . This is largely due lack of adequate nutrient supply resulting from poor soil fertility (Sanchez et al., 1997; Bantiono, 2007) . information on fertilizer regimes for S. aethiopicum production. There is a need for appropriate soil fertility regimes in S. aethiopicum, which are necessary for improved crop productivity. The main objective of the study was therefore to determine the optimum fertilizer rates for increased yield production of S. aethiopicum, Shum group (Nakati).
Materials and Methods

Study Site
The study was conducted on Uganda Christian University Skills Development Centre located in Ntaawo village, Mukono 3.5-4 km off Kampala Jinja highway. The site has an altitude of 1161 meters and its coordinates are Latitude 00 o 23′ N and Longitude 32 o 44′ E. The Centre has an average temperature of 21.5 o C and 1390 mm of rainfall per year. The field trial was conducted during April, 2015 and December, 2015 . S. aethiopicum Shum group obtained was evaluated using poultry manure, bio-slurry, NPK (25:5:5 ) with N at a recommended for tomatoes (0.04014 t acre -1
) and a control without any fertilizer.
Before commencement of the trial, soil, bio-slurry and poultry manure samples were collected and taken to the Makerere University Soil, Water and Plant Analytical Laboratory to be analyzed for the physical and chemical properties indicated: pH, Organic matter, Total Nitrogen (N), available phosphorus (P), potash (K), calcium (Ca) and magnesium (Mg) plus microelements including manganese (Mn), copper (Cu), zinc (Zn) and iron (Nompumelelo, 2008; United Kingdom Environment Agency, 2010) . Soil samples were collected at a depth of 15 cm (topsoil) as described by Mbatha, (2008) following diagonal pattern across the entire field. The bio-slurry samples were collected from a 1000-L tank on delivery to the experimental site. 10 samples were collected with a ½ Liter scoop cup into a bucket after stirring. All samples were mixed and about 150 ml of this sample was put in the bottle. Poultry manure samples were collected from 5 different positions from a poultry manure heap and mixed together to make one uniform sample (United Kingdom Environment Agency, 2010).
Experimental Layout
The trial had two experiments. The planting materials used were S. aethiopicum seeds and it was assumed that seed used was of the same variety was made since pure stands have not been established.Treatments were replicated three times using a Completely Randomized Block Design (A. K. Gomez & A. A. Gomez, 1984) . Plants were spaced 30 cm between rows and thinned to 5cm between plants two weeks after emergence (Ssekabembe & Odong, 2009 ).
Properly decomposed and cool manure which had been stored for at least two to six month was used in the trial. Standalone applications were used in experiment one with poultry manure and bio-slurry applied at varying rates of 5 t ha and 30 t ha -1 (Warnars & Oppenoorth, 2014; Ijoyah & Sophie, 2009) respectively. Further, the organic fertilizers were applied in combination with 25% of NPK (25:5:5) and 50% of NPK (25:5:5) in combination with all rates applied in the stand alone application rates above. Weeding was done using a hand hoe or by hand pulling of the weeds from the trials. Recommended plant protection measures such as spraying against pests and diseases was carried out two weeks and the crops were irrigated with water as and when required. The entire fertilizer requirement for the plot in both experiments was therefore applied in the first 30 days in order to enable the plants to utilize the manure. Poultry manure was split and applied twice. It was first applied a week before planting and the remaining manure applied again 20 days after emergence of S. aethiopicum plants. Bio-slurry was applied one week after crop emergence and the remaining manure at 20 days after the first application. Bio-slurry was diluted with water to a ratio of 1:3 to avoid scorching of the plants (Warnars & Oppenoorth, 2014) . NPK (25:5:5) was also split and applied twice one week after crop emergence and the remaining NPK at 20 days after the first application S. aethiopicum matures within 60-70 days or within 3 months (Ssekabembe et al., 2013) .
Data Collection and Analysis
Data collection was carried out every two weeks on agronomic traits for growth and yield like plant height, number of leaves, leaf area, number of branches per plant, plant vigour, stem girth, total biomass, shoot biomass, root biomass and harvest index as earlier described by Sseremba et al. (2017a Sseremba et al. ( , 2017b Sseremba et al. ( , 2018 and Nakanwagi et al. (2018) . The plant height was measured using a meter rule and the stem girth was determined using the thread and meter rule method (Amhakhian et al., 2010) . The length of the leaf was measured from the tip of lamina to the point of insertion of the lamina and petiole along the midrib and the width was measured end to end between the widest part of the lamina perpendicular to the lamina midrib (Fallovo, 2008) . Using the data for leaf length and width, leaf area was calculated using a regression equation: Y = -10.12 + 0.834X
( 1) where, X = (LW) 0.5 (Carmassi, 2007) .
Visual plant vigour of the plants was also evaluated using a Scale of 1-5 where 1 = plants which are small, chlorotic and non vigorous and 5 = plants which are large, dark green and vigorous (McCarter et al., 1976; Sseremba et al., 2017b) . Additionally total biomass in kilograms per plot, Shoot weight (kg) (Marketable weight), and Root weight (kg) (Unmarketable weight) were measured using the Adams electronic weighing scale. This data was extrapolated to kg per acre and harvest index was calculated using the following formula:
In addition, a Cost Benefit Analysis associated with the use of poultry manure and bio-slurry was made. Crop budgets were the standard tools for the cost benefit analysis of fertilizer use (Ayodele & Shittu, 2013; Tesfaw, 2013) . Additional data were also obtained as follows:
i) Mean market price of S. aethiopicum from main markets in Mukono Municipality;
ii) Labour costs (Shillings per man-day);
iii) Total variable costs or total cost of production: cost of poultry manure and bio-slurry up to the farm gate plus Labour cost for application of the manure.
Total variable costs or Total cost of produce = Price of PM and bio-slurry + cost incurred in buying + labor cost for application (3) The average marketable yield obtained from each treatment was recorded. The marketable yield from the control plots was taken as a reference and the yield increment at all rates of each type of manure (increase over the control) was taken.
Incremental yield = Yield at particular treatment -Control (4) Response rate =
Incremental yield
Manure rate applied (5) The yield increment for each manure rate was multiplied by the price of S. aethiopicum to obtain its value.
Value of incremental yield = Incremental yield × Price of S. aethiopicum (6)
Deducting the incremental cost of production from this value gives the net income which is divided by the total cost to obtain the benefit cost ratio.
Incremental profit = Value of incremental yield -Total variable costs (
Value_Cost Ratio =
Incremental profit
Incremental (variable) costs (8)
Data Analysis
Data were entered in Microsoft excel. Means data for each plot and each treatment used in the study were calculated (Thorsen & Woodward, 2010 ) and compared using the Duncan Multiple Range Test at 5% significance level. Data that were not normally distributed were transformed using natural logarithm. Quadratic prediction using polynomial regression fits (Y = a + bx + cx 2 ) for fertilizer rates with yield of S. aethiopicum were also made so as to determine optimum manure rates.
Results and Discussion
Optimum Poultry Manure Rates for Production of S. aethiopicum
The effect of the fertilizers was evaluated through performance of agronomic and yield traits such as plant vigour, stem girth, height, number of leaves, number of branches, leaf area, marketable yield and Harvest Index. The results obtained in this study are presented and discussed in detail in the following subsections. Table 1 shows the results for the effect of poultry manure on growth and yield parameters of S. aethiopicum at harvest. The results of the study showed that the poultry manure rates are capable of improving the yield of S. aethiopicum. Plants treated with poultry manures and NPK recorded higher value of vigour, stem girth, plant height, number of leaves, leaf area and number of branches than the control. The best plant vigour of 4.56±3.5 was recorded for poultry manure at a rate of 15 t ha -1 followed by 4.39±0.9 for poultry manure at the rate of 25 t ha -1
. The least plant vigour was noticed more at 3.52±1.1 was recorded for poultry manure at the rate of 25 t ha -1 . The increase in vigour can be explained by availability of nutrients required for proper crop growth and development. S. aethiopicum plants treated with 25 t ha -1 had the biggest mean stem girth (2.66±1.6 cm) followed by plants treated with poultry manure at 15 t ha -1 (2.55±1.3 cm). The least stem girth (1.92±0.6 cm) was recorded for the untreated control plants ( . This may be due to the provision of all necessary macro-and micro-nutrients in available forms from the poultry manure, hence improving the physical and biological properties of the soil (Abou El-Maged et al., 2005). Note. Parameters which were not normally distributed have means of original data in brackets and means of transformed data outside the brackets, NS means not significant, Means with similar letters are not significantly different at p ≤ 0.05 based on the Duncan's Multiple Range Test.
As a result this availability affects crop growth parameters such as stem girth. Stem diameter would have positive implication on lodging, since thicker the stem, the less likely the plant would lodge as a result of, increased foliage fruit carriage or due to wind (Oyewole et al., 2012 (Callistus & Anthony, 2014) in Solanum nigrum. Nutrients contain in manures are reported to be released more slowly and stored for longer time in the soil ensuring longer residual effects, and improved root development (Abou El-Magel et al., 2005) , which must have been responsible for the consistent better height performance obtained with manure application over inorganic treatment. Oyewole et al. (2012) , stressed that the application of organic manure significantly increased crop growth and yield, and attributed this to high level of Nitrogen which is essential for plant growth. The highest mean number of leaves (38.70±30.0 leaves) at 12 was recorded where plants treated with 5 t ha -1 followed by 36.94±21.0 leaves for 15 t ha -1 . However, lowest number of leaves (25.79±12.7 leaves) was recorded for the control plants. None of the treatments indicated a drop in the number of leaves since the plants are harvested before they reached their physiological maturity. Number of leaves differed between the control and all treatments except 30 t ha -1 . The differences may have been as a result of plants receiving more readily available nutrients from the decomposed poultry manure hence encouraging additional vegetative growth. Similar results were reported by (Sultana, 2006; Sarker, 2005; Islam et al., 2011 . The highest mean number of branches of 9.58±5.9 branches was recorded for jas.ccsenet.org Vol. 10, No. 4; plants treated with poultry manure at 25 t ha -1 followed by 9.20±7.9 branches for 30 t ha -1 while the lowest number of branches (6.91±3.72 branches) was recorded for the untreated control plants (Table 1) .
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Results of marketable yield of S aethiopicum as influenced by the poultry manure and the Harvest Index are also presented in Table 4 . The highest yield of 3701.13±1039.7 kg ha -1 was produced by the application of poultry manure at the rate of 20 t ha -1 followed by poultry manure at the rate of 30 t ha -1 with 3341.77±879.0 kg ha -1 . Marketable yield was also least in control plots which had 1187.96±1095.0 kg ha -1 . Harvest index was highest (0.935±0.08) in plots treated with poultry manure at the rate of 15 t ha -1 and least in control plots which had 0.905±0.05. Significant differences (p < 0.05) were observed in the mean marketable yield for poultry manure treated plots and the control. Control results significantly differed from results for poultry manure at 15 t ha -1 , 20 t ha -1 , 25 t ha -1 and 30 but results for NPK did not significantly differ from poultry manure results. These results follow the same tread like those of Ijoyah and Sophie (2009) in cabbages but she got the best yield at 30 t ha -1 . These results can be explained by the fact that organic manures especially poultry manure are said to improve soil fertility by increasing the number and diversity of soil microorganisms which enhances water and nutrient availability hence improved development and health of crops (Amanullah et al., 2010) . However for the effect of different poultry manure treatments on harvest index of S. aethiopicum, significant differences (p < 0.05) were only observed between the control and poultry manure at 25 t ha -1 plus NPK. The lack of significant differences between the inorganic fertilizer and the organic fertilizer, may be attributed to the fact that decomposed poultry manure equally has available required plant nutrients like those in NPK. However unlike during production of S. aethiopicum which has a short growing season, if given more time for the mineralization of the nutrients that are there in the manure applied, poultry manure is capable of availing much more nutrients than those in NPK (Okoli & Nweke, 2015) .
The regression analysis of marketable yield as a dependable variable and poultry manure rates as the regressor showed the coefficient of multiple determinations (R 2 ) of 85.1% indicating that increase in yield of S. ethiopicum produced was significantly affected by poultry manure. Figure 1 indicated that largest yield responses to manure occur with the first increments of applied manure. At this stage gains in economic returns per kg of manure are also greatest. The returns are lower as the manure rate approaches the economic optimum (when the cost of additional manure is equal to the value of the associated yield increase. When the derivative of the quadratic equation for total yield y = -3.467x 2 + 167.8x + 1396 was solved, it resulted in a maximum poultry manure rate of 24.19 t ha -1 .
The optimum poultry manure rate was therefore predicted to be at 24.19 t ha -1 which is between 20 t ha -1 and 25 t ha -1 which were associated with higher stem girth, plant height, leaf area and yield respectively. 
Optimum Bio-Slurry Manure Rates for Production of S. aethiopicum
Similar to poultry manure, the effect of bio-slurry was evaluated through performance of agronomic and yield traits such as stem girth, plant height, number of leaves, leaf area and number of branches. Table 2 Vol. 10, No. 4; was recorded for plants treated with bio-slurry manure at a rate of 25 t ha -1 followed by 4.03±0.9 for plants treated with the rate of 15 t ha -1 . The least plant vigour of 3.37±1.0 was recorded for plants treated with bio-slurry at 10 t ha -1 . The high vigour which represents large plants which are dark green in colour with use of manure that is more at a rate more than 15 t ha -1 can be explained by availability of nutrients required for proper crop growth and development since bio-slurry contains readily available nutrients, amino acids and bioactive substances needed for vegetable growth (Warnars & Oppenoorth, 2014) . Results showed that Stem girth increased with increase in amount of bio-slurry manure applied. At harvest, plants treated with bio-slurry at 30 t ha -1 had the biggest stem girth (2.16±0.6 cm) followed by plants treated with bio-slurry at 15 t ha -1 (2.08±0.5 cm). The least stem girth (1.88±0.6 cm) was recorded for the untreated control plants. None of these results exceeded those of NPK (2.36±1.2 cm) but they exceed the control.
Results also clearly indicated that application of bio-slurry at different rates significantly affected the plant height. Highest mean height (14.18±9.7 cm) at harvest was recorded where plants treated with bio-slurry at 30 t ha -1 . This was followed by 30 t ha -1 with height of 13.65±9.7 cm. However minimum plant height (10.54±5.18 cm) was observed in the control where the plants were treated with no manure. This might be due to the ability of bio-slurry to supply more readily available nutrients required for plant growth. These results are in line with those of Shahabz (2011) who noted that bio-slurry causes increase in plant height of Okra at maturity over the control. The better crop performance in relation to plant height that was obtained in the bio-slurry treatments could be due to the presence of growth promoting factors such as enzymes and hormones that cause development of more buds and a subsequent increase in the number of leaves. It is therefore possible that as the height increased due the uptake of N in its nitrate form, there was an increase in vegetative growth as indicated by the increase in number of leaves (Callistus & Anthony, 2014) . The highest mean number of leaves (34.45±21.0 leaves) was recorded for plants treated with bio-slurry at 15 t ha -1 . However lowest number of leaves (25.79±12.7 leaves) was recorded for the control plants. Results of mean leaf area show that the highest leaf area of 58.77±29.8 cm 2 was recorded in plots treated with poultry manure at 25 t ha -1 followed by the plants treated with 15 t ha -1 which had mean leaf area of 58.60±7.5 cm 2 . The least mean leaf area of 49.05±29.4 cm 2 was recorded for the control. All bio-slurry rates performed better than the control but none performed better that NPK. All treatments significantly differed in terms of mean stem girth, plant height, number of leaves, mean leaf area and number of branches at p< 0.05. The marketable yield was also significantly different (p < 0.05) between the control and all the bio-slurry treatments. The application of bio-slurry manure significantly increases the yield of S. aethiopicum an effect that can be attributed to the fact that bio-slurry does stimulate plant growth and the general bulk of the vegetative parts of the crop (Gurung, 2007) . In addition the highest harvest index of 0.925±0.01 was recorded 5 t ha -1 followed by 0.922±0.03 at 15 t ha -1
. The least harvest index was 0.905±0.05 and it was recorded for there was at 15 t ha -1
. Similarly there was also a significant difference (p < 0.05) in the harvest index in both seasons.
Similar to poultry manure the regression analysis of marketable yield as a dependable variable and bio-slurry manure rates as the regressor showed that increase in yield of S. ethiopicum produced was affected by the bio-slurry manure applied. This was significant at the coefficient of multiple determinations (R 2 ) of 77.0%. Figure 2 indicated that largest yield responses to bio-slurry manure occur with the first increments of applied manure. At this stage gains in economic returns per kg of manure are also greatest. The returns are lower as the manure rate approaches the economic optimum (when the cost of additional manure is equal to the value of the associated yield increase. When the derivative of the quadratic equation for total yield y = -2.371x 2 + 102.0x + 1186 was solved, it resulted in a maximum poultry manure rate of 21.51 t ha -1 . The optimum bio-slurry rate was therefore predicted to be at 21.51 t ha -1 . This predicted application is between 20 t ha -1 and 25 t ha -1 which were associated with higher stem girth, plant height, leaf area and yield respectively. These results are however not in line with the recommendation of Warnars and Oppenoorth (2014) who recommended applying around 10 to 20 t ha -1 of bio-slurry onto the crop to significantly increase the yield and nutrient uptake of plants. 
Conclusion
The results of this study illustrate that, in general, use of organic manures especially poultry manure and bio-slurry can lead to better performance and greater yields S. aethiopicum than not using fertilizers. From the result obtained in this study, it can therefore be concluded that the use of poultry manure and Bio-slurry manure in S. aethiopicum production is desirable as these organic fertilizers significantly increased marketable yields of the S. aethiopicum by increasing the number of leaves and branches. The leaf area and harvest index were also increased. From the results obtained, the research hypothesis that there is no significant difference in the response of S. aethiopicum to different levels of bio-slurry and poultry manure is rejected and hence concluded that there is a difference in the response of S. aethiopicum to different levels of bio-slurry and poultry manure. Vol. 10, No. 4; Since the objective was to determine optimum manure rates for S. aethiopicum production, it can be concluded that the application of 24.19 t ha -1 of decomposed poultry manure or 21.51 t ha -1 of bio-slurry are recommended for optimum S. aethiopicum production. However for the farmer to make economic sense, it can recommended to use 20 t ha -1 and 10 t ha -1 of sole poultry manure and bio-slurry manure respectively.
